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Circuit and method for operation of a gas discharge lamp 



The invention relates to a circuit aiid to a method for operation of a gas 
discharge lamp wiA a switching transformer, which switching transformer comprises a 
switch, a converter inductor and a control means in a control loop for measuring a lamp 
voltage and setting a desired power, and to a measuring filter for the circuit. 
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Such a circuit with a switching transformer is known from US PS 5 608 294 
The circuit comprises a rectifier, a commutating stage, a control means and a step^wii 
transfonner. also called a buck converter, with a switch and a converter inductor. 

A method and a device for operating a gas discharge lamp of a data and video 
projector are known from EP 1 152 645 Al. m the case of an operation with alternating 
current or alternating voltage, electrodes of the gas discharge lamp are formable during 
operation, that is. structures grow on the electrodes of the gas discharge lamp. The size of the 
stmctures and Ihe opemting frequency of the current or the voltage are proportional to one 
another. The higher is the operating frequency, the smaller is the diameter of the grown 
stmctures. Tip structures can therefore be built up at the electrodes in such a way that with 
an operating frequency sequence of 45. 65. 90 and 130 Hz. an operating voltage and ^ arc 
lengfli can be reduced. 
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It is an object of the present invention to increase the service life of the lamp. 

That object is achieved in accordance with the features of the independent 
claims 1. 11, 12 and 13. In accordance with the invention, the switching transformer 
comprises a second control loop. By means of the second control loop, the switehing 
transfomier can be adjusted to individual lamp conditions, a tendency of a plasma an: within 
the lamp to jump can be reduced, the electrode gap can be controUed and hence Imnen output 
and the service life of the lamp are improved. 

Advantageously, the control loop comprises a third inner control loop By 
means of the third control loop, the individual lamp properties of the comiected lamp can be 
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detennined. For that purpose, operational data measmed at the lamp are compared with data 
already determined and parameters are adapted. In steady-state operation, the parameters are 
exactly the operational data of the comiected lamp, and then it is possible spedficaUy to 
influence Ae electrode gap and the electrode temperature in order to increase the lumen 
ou^ut and the service life of flie lamp. 

Advantageously, the third inner control loop comprises a computer circuit. 
The computer circuit has a calculated voltage waveform available at its output. 
TTie computer circuit is controlled in a simple mamier by a commutation signal The 
computer circuit and hence the third imier control loop require merely the commutation 
signal as a clock signal. 

Advantageously, the third imier control loop comprises a memory. Parameters 
of die lamp are saved in the memory. 

Advantageously, the second control loop comprises an integrating controller 
Since the conditions in the lamp change only slowly, a slow and integrating controUer is 
preferably used as controller. 

Advantageously, the second control loop comprises a measuring filter. With 
two sample-and-hold stages of the measuring filter, a low^iisturbance measurement of the 
lamp voltage is possible. 

In a sunple manner, the measuring filter comprises an adder, with which a 
mean value can be tapped fi?om the measuring filter. 

In a simple mamier, the measuring filter is controUed by a clock signal. The measuring filter 
requires only the clock signal, which also switches the switch of the switching transformer on 
andofil 

In accordance with the invention, values of at least one operational datum of 
the lamp varying with time is measured continuously or discontinuously. the measured 
operational data are compared with calculated operational data, parameters required for 
calculation are adjusted and a duty factor of a supply current is selected in dq,endence on the 
adjusted parameters. 

In accordance with the invention, values of at least one operational datum of 
the lamp varying with time are measured continuously or discontinuously. the measured 
operational data are compared with calcuUted operational data, parameters required for 
calculation are adjusted and a frequency of an alternating voltage or an alternating current is 
selected in dependence on the adjusted parameters. 
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In accordance with the invention, values of at least one operational datum of 
the lamp varying with time are measured contmaously or discontinuously. the measured 
operational data are compared with calculated operational data, parameters required for 
calculation are adjusted and a variable of a supply current, especiaUy current pulses is 
selected m dependence on the adjusted parameters. Values of at least one operational datum 
of the lamp varying with tune are measured continuously or discontinuously and at the same 
tme. ftom parameters assumed initiaUy. heremafter also referred to as starting parameters 
operational data of the lamp are calculated alternately or serially and then the measured ' 
operational data are compared with the calculated operational data, new parameters are 
determmed ftom this con^arison and the parameters assmned initially are replaced by the 
determmed parameters, m a transient, the determined parameters are compared until the best 
possible consistency has been achieved between calculated and measured parameters 
Advantageously, in the steady state the duty fector. the frequency and the variable of the 
supply current are selected in dependence on the parameters m order to control the electrode 
gap and the electrode temperature. 

A cncuit with the imier control loop is used for analysis of the lamp and to 
indicate the individual lamp parameters. 

These and other aspects of the invention are apparent from and wiU be 
elucidated with reference to the embodiments described hereinafter. 



In the drawings: 

Fig. 1 shows a block diagram with a switching transformer, a measuring filter 

and a control. 

Fig. 2 shows a tuning diagram with a clock signal for switching on and off a 
switch of the switching transformer, 

Fig. 3 shows a timing diagram with a current waveform through a converter 
mductor of the switching transformer. 

Fig. 4 shows a timmg diagram with a first voltage waveform at a gas discharge 
lanip for a half period. 

Fig. 5 shows a timing diagram witii a second voltage waveform at a gas 
discharge lamp for a half period. 

Fig. 6 shows a timing diagram with calculated voltage values at the lamp for a 
first and a second half period, and 
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Fig. 7 shows a timing diagnun with measured voltage values at the lamp for , 
first and a second half period. 

Fig. 8 shows a timing diagram with a measured and a calculated voltage 
waveform and intermediate difference values. 
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a 

means 



Figure 1 shows a circuit 1 with a switching transformer 2, a gas discharge 
lamp 3. a do voltage source 4 woridng as voltage supply, a measuring filter 5, an analog- 
digital converts: 6, in the foUowing also referred to as an A-D converter, and a control unit 7. 
The switching transformer 2 con^rises a commutation stage 20, an ignition stage 2 1 a 
switch 22. a diode 23. a converter inductor 24. a capacitor 25. a converter 26. a control 
27 and a measuring point 28, between the converter inductor 24 and the commutating stage 
20. at the capacitor 25. By means of electrically conductive connections 29 and 30. measured 
vataes can be t^ped off at the converter inductor 24 and suppUed to the control means 27 
By way of further elecliical connections 3 1 and 32 and the converter 26. the control means 
27 controls the switch 22. also called switching transistor. The converter 26. the control 
means 27 and the elecliically conductive comiections 29. 30. 3 1 and 32 are parts of a first 
control loop 33. The commutation stage 20 comprises a commutation control unit 34 and four 
switching transistors 35. 36. 37 and 38. Depending on the signal state, the unit 34 switches on 
either 35 and 38 or 36 and 37. This controls the current direction in the lamp 3. lUe ignition 
stage 21 comprises a first inductor 39. an ignition transformer 40 with two coils 41 and 42 an 
ignition control unit 43 and a capacitor 44. The values of the capacitor 44 are small, so thai in 
steady-state operation it is negUgible. For an ignition, a switching signal of high frequency is 
present on an electrically conductive connection 45 to the commutation control miit 34. so 
that the inductor 39 and the capacitor 44 are excited by means of a resonant frequency A 
high voltage of about 400 to 800 V occurs at the capacitor 44. At the same time, in the 
ignition control unit 43 a further smaU capacitor is charged up. which then suppUes an 
ignition pulse to the ignition transfonner 40. This generates a high voltage pulse of 5 to 25 
kV at the lamp 3. The measuring filter 5 comprises a voltage divider 50. 5 1 wifli two resistors 
50 and 5 1. an amplifier 52. a first sample-and-hold stage 53 with a switch 54 and a capacitor 
55. a second sample-and-hold stage 56 with a switch 57 and a capacitor 58. a first impedance 
transformer 59. a second impedance transformer 60. an adder 61. two edge-triggered signal 
transmitters 62 and 63, also called triggers, and an output 64. By way of the electricaUy 
conductive comiection 31 and the signal transmitters 62 and 63. the control means 27 
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controls the switches 54 and 57 of the sample-and-hold stages 53 and 56. The adder 61 works 
with an an5)lifier 65 and three resistors 66, 67 and 68. 

The measuring filter 5. the A-D converter 6 and the control unit 7 are parts of 
a second control loop 80. 

The control unit 7 comprises a flmd imier control loop 81 and a controller 82 
The third inner control loop 81 comprises a computer circuit 83. a comparator circuit 84 
hereinafter also referred to as a comparator, and a memory 85 . At an output 86 of the 
computer circuit 83, in which a model formula with freely selectable parameters is reaUzed 
dxgitu^d values of a model voltage are avaUable. which correspond to a model By way of In 
electncaUy conductive comiection 87. a signal that marks the time of the commutation is 
siq>plied to the comparator 84. 

Output voltage and/or output current of the switching transformer 2 for the 
lamp 3 are/is adjusted by switching the switch 22 cyclically on and off. While the switch 22 
IS switched on. a voltage Uy. - Uci is present at the converter coil 24, which results from the 
voltage Uy, of the dc vohage source 4 and the voltage Uc, across the capacitor 25 The 
current in the converter inductor 24 consequently becomes greater. Since both Uy. and Uc, in 
first approximation are constant, the current rises linearly. On reaching a predetermined 
switchmg condition, the switch 22 is switched of^ the current then flows via the diode 23 
The voltage is then -Uc, the current drops, again linearly. By means of the capacitor 25 and 
withm the ignition stage 21. the voltage fluctuations are at least partiaUy filtered. 

During the transient response after switching on the circuit 1. the second 
control loop 80 is inactive. The current within the converter inductor 24 has fixed form 
which is described by the relative amount of the current and the times of the current reversal 
A boundary condition for the lamp 3 is a desired lamp power, which is also referred to as the 
desired vahie of the first control loop 33. The first control loop 33 therefore measures the 
lamp voltage and adjusts the absolute amount of the current such that the desired power is 
achieved. This method is repeated continuously at short intervals during the steady state 
operation of the lamp 3. 

The third control loop 81. also referred to as the lamp observer, uses voltage 
values of the lamp 3 measured by time resolution, which are tapped off at the output 64 of the 
measurmg filter 5. These are compared in the comparator 84 with the model voltage vahies 
calculated from the model formula. The model formula is also caUed model equation 
hereinafter. As a fiinction of a difference between model voltage and measured voltage flie 
third control loop 81 then influences parameters of the model formula that are saved m'the 
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n»moo. «5. Alter .vrftehtag tt« dicui, I. op«aS«g panm»te of a new lamp ^ saved aa 

stetog panm^ters. Durtag fte tnu«i«« r«p„„ae atartiag param««s aet at the outset a,^ 

boogh. tato line «i,h indiviaoal p.ran«,«:s of ft. connect lamp 3 and flnaUy replaced by 

tteae. In ofter words: by means of the third control loop 8 1, the parameter saved in the 

o»m<^ 85 can be to individaal pa,am««s Of the connected lan^ 

a«hv.d„al parameter, is generated in the (inrd eontrolloop 8 1 and made avaUable h. the 
n^mory 85 tbr the second control toop 80. Iteeafter. for optimizing the lamp operation, to 

rndtvidnal parameters of d» connected tanp 3 are taken into account in d>e second control 
loop 80. Ilese mdividnal parameters are tteo evahuOed as operating parameters by the 
ct-te-Iler 82 «.d are used to det«min. an improved current wavefcrm, an adapted desired 
power vahie or alterable current reversal tunes. 

Tie flr« control loop 33 contpols the lamp power to a set desired value Hio 
second confol lo.^ 80 controls the mode of operation of the lamp 3 in response to the 

mdividualparametersof the l«np3».in„ther words: th^ 

fte mdmdual parametera of the lamp 3 by influencing the mode of operation. The third 

co.«roll«,p8I «>»*ol3.»t«edr^Hc. of the starting parameters for optimum compliance 
with mdividual parametWB of the connected lamp 3. 

The adjustment by means of the controller 82 changes the values for desired 
P0^«r.c„.ra,t wavefbtrn and thnes Of the curr^tt reversal stored in the swi^^ 
^ heremafter dao caUed driver. speciflcaUy the values stored in the control means 27 Tl« 
fiequency is b«w.en 0.5 «„l 20.000 Hz. preferably between 30 and 1000 Hz A pulse 
0^ lies be.„e«. 1 and 25 % of the half cycle, pteferably between 4 and 8 %. Pulses and 
.pubedop««i„n are e^lained in detail /„«r.«a in EP . 152 645 Al. The relative pulse 
be«ht hes between 0 and 1000 % of the mean current, preferably between 100 «Ki 400 % ta 

absolute vahea this isoto 10 A, prefer.bly0.5to4A.especiaUy 2.6 A. Tbe two success™ 
penods in which ae current flows first in one dim:tion and then in the other direction 

ftrou^ the lamp 3 an, defined as duty fector. h, normal operadon, the duty fictor is 50 % 
but a duty actor ftom 1 to 99 % is possible, advantageously 20 to 80 •/. a. a power of 25 1^ 
180 W, preferably 100 to 140 W at a nominal power of 120 W are used. For technical 

re^o^ limits for the adjustment are set in dependotc. on the ddver 2. fl,elamp3andad«a 

and video projector used. 

Figure 2 shows a timing diagram with a clock signal 90 for a switched-«n and 
a swttched^ff state of the switch 22 at toes 91 and 92 and with arising edge 93 at a «m= t, 
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and wifli a felling edge 94 at a time t^. The clock signal osciUates at a frequency of 50 KHz 
that IS, 20 per period or 1 nas for five periods. 

Figure 3 shows a timing diagram with a cunent signal 95 through the 
converter mductor 24. At the times t» and t.. a minimum value 96 and a maximum value 97 
Of the current signal 95 are reached and the cunent changes its direction, the times t. and t^ 
mark current reversal times. 

Figure 4 shows a sinusoidal voltage waveform 98 across the capacitor 25 
When the switch 22 is switched on at the time t., a voltage value 99 is sampled in the sampl 
and-hold stage 53 and when the switeh 22 is switched off at the time ta a second voltage 
value 100 is sampled. Tho two values 99 and 100 are tapped off via the voltage divider 50 51 
and vahies corresponding to the voltage divider 50, 51 areaddedupintheadder61. 

The first sample-and-hold stage 53 is flius triggered every time the switch 22 
switched on and therefore stores the value corresponding to the voltage value 99. while the 
converter current 95 reaches the minimum value 96. Tte second sample-and-hold stage 56 is 
tnggered when the switch 22 is switched off and stores the value corresponding to the value 
100. while the converter current 95 reaches the maximum value 97. The adder 61 totals the 
two voltage values coirespondmg to the voltage divider 50. 51. and so a signal corresponding 
to a mean value can be tapped off at the output 64 at each time t«. t.. ts and te. Hais signal can 
aien be used at any of the times ta - 1.. that is. asynchronously, and with any sampling rates 
A low-disturbance measurement of the voltage at the capacitor 25 is thus achieved here and 
a measured value can be tapped off without disturbances through the switching transformer 2. 

As input signals, the measuring filter 5 requires merely the variable to be 
measured, which is tapped off at the measuring pomt 28 and across the voltage divider 50 
51, and the switohing signal of the switching U^istor 22 of the switching transformer 2 ' 
which is tapped off before the converter 26. The signal 98 to be measured is first stabiliz«l 
by a first amplifier stage 52 working as impedance transfomaer. so that the adjoining sample- 
and-hold stages 55 and 58 are able to operate reliably. With a rising edge 93 of the switehing 
signal on the electrically conductive comiection 3 1 out of the switohing transformer 2 the 
trigger 62 generates a short pulse, which briefly switehes on the switeh 54. The capacitor 55 
IS charged to the voltage value present at this time. An impedance transformer 59 follows 
behmd the capacitor 55. The capacitor 55 is consequently closed at very high resistance and 
subsequentiy holds this voltage value constant. The same process is perfoimed by the trigger 
63. the switch 57. the capacitor 58 and the impedance transformer 60 at the fallmg switehing 
edge 94. Thus, at any time, values are available that correspond to the values 99, 100 
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measured at the time that the switch 22 is sydtched on and oflF. lliese values are subsequently 
added by the further amplifier 65 and the resistors 66. 67 and 68 and made available at the 
output 64 for further use. 

The gas discharge lamp 3. especially a high-pressure gas discharge lamp, 
known as a high mtensity discharge lamp or HTD-lamp for short, is operated with a squire- 
wave alternating current In particular, an extra-high pressure gas discharge lamp is used, also 
called an ultra high pressure, ultra high performance or UHP lamp for short. The voltage at 
the lamp is m this case likewise proximately rectangular. If, however, the waveform of the 
voltage is examined more closely, a characteristic variation from the rectangle is revealed 
Tins variation is primarily caused by the behavior of the plasma arc at the cathode, and in 
particular, &e variation is dependent on an area with which the plasma arc joins to the 
cathode. By measuring and evaluating the voltage wavefonn, on the assumption that the lamp 
IS mtact. it is possible to detemiine the mdividual parameters of the lamp 3 that reflect the 
conditions within the gas discharge lamp, such as electrode gap, relative temperature of the 
two electrodes, m each case for the electrode working in a half period as the cathode, 
geometrical shaping of the electrode tip, melting state of the electrodes, area change of the 
cathode arc attachment point and jump tendency of the plasma arc. 

Ck>nsiderations here are based on the fact that the lamp voltage consists of a 
voltage drop on supply conductors and in the electrode material as ohmic resistance an 
approximately constant voltage drop at the anode, a voltage drop influenced by the emission 
behavior of the electrode and resulting arc state in front of the cathode, and a plasma voltage 
across the actual arc discharge dependent on pressure, plasma temperature and arc length. 

Figure 5 shows a voltage waveform 101 over the time t, which is divided into 
four regions 102. 103. 104 and 105. The voltage wavefonn 101 in the first region 102 is 
detennmed substantially by the shape of the electrode tip. The voltage in this region 102 is 
th^efore referred to as Ur.p, an associated time value as x^p. The voltage wavefonn 101 m 
the second region 103 is determined substantially by the temperature of the thickened part of 
the electrode womid with a tungsten coil. The voltage in this region 103 is therefore referred 
to as Ucoii. and an associated time value as xcoi,. The voltage waveform 101 m the third region 
104 is determmed substantially by the change in the arc attachment at the cathode and 
describes a transition of the electrons from the cathode into the plasma arc. Characteristics of 
this region 104 are therefore provided with the addition "tians". ITxe voltage waveform 101 
in the fourth region 105 is determined in that the arc attachment can be constricted to a spot 
The arc attachment therefore changes from a diffuse two-dimensional attachment to a point- 
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form attachment constricted to a spot. Characteristics of this fourth region 105 are therefore 
provided with the description «spot'^ The third and fourth regions do n^ 

In general, flus waveform 101 can be described by the foUowing formula: 
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A voltage difiference 106 can be described by a term: 
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The free parameters Up,«^ U,,, Uc„„. t.^ ^ are saved in 

the memory 85 and are adjusted by means of the imier control loop 81. 

The formula is converted in the computer circuit 83 with n as the number of 
the sampling value, which starts at 0 at every polarity change, and At is the time between two 
samplmg values. At Ues preferably between 5 and 200 ^s, m this case at 10 ms. The duration 
Tcoa IS fixed at 100 ms. Txipand xcoii are first order time constants. 

The formula consists of four summands. The first summand is 
represented in the first region 102 and is of an order of magnitude between 55 V and 130 V 
75 V are typical of a new lamp. V,^ is characteristic of the electrode gap. which witii a ' 

new lamp is aroundl^u„. and ofthe voltage drop across the anode. TTxe second summand-2 
U.^ IS a correction value, which results m conjunction with the fourfli summand (Uc^ 

*. . .)*(l-tanh(. . .)). The third summand *(0.5. . .) describes the function in the first region 
102. Ur.p lies in a range from 0 V to 6 V. 1.5 V bemg typical of a new lamp. U^^ is 
charactenstic of the rounding of tiie electrode tip. 

The fourth summand describes the two regions 103 and 104. Ucou marking a 

voltage value in the regions 103 andl04 and lymg in the order of magnitude betweenOV 
and 65V.5Vbeing typical ofanewlan^. The smaUer is UC.U. the higher is tiie temperature 
T^phesmarangebetween30Msand500^s.l50Msbemgtypicalofanewlamp x^is 
characteristic of Ihe rounding of the tip. Ues in a range between -2 V and 2 V and is a 
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correction fector. t,^ Ues in a range between 0. 1 ms and the end of the rectangle. Utrr^ 
does not occur, then no spot attachment to Ae cathode occurs, St«„s is the steepness in the 
region 104, Ues in a range between 0,01 and 10 and is characteristic of the transition of the 
arc attachment These parameters are adjustable by means of the inner control loop 81. 
Alternatively, these parameters can also be adapted by a program. 

A resonant frequency fiesoaance between 1,500 and 7,000 Hz characterizes a 
possibly present molten tip and at 1 0,000 Hz the electrode tip is completely soUdified. For a 
new lamp, the resonant frequency is aromid 5.000 Hz. A resonance is indicative of magnitude 
and volume of a molten tip and hence at the same time also of the temperature. The 
resonance is determined directty by analysis of the lamp voltage in die frequency range. 

After a current reversal, a plasma arc is present at first over a wide area, that 
is, diftusely. at a catiiode of the gas discharge lamp 3. In the region 104. the plasma arc 
changes from die wide-area state acting on the cathode to the spot-form state acting on the 
catiiode. The jump fimction in tiie tiiird region 104 stands for this change in die arc state at 
15 die catiiode. The plasma arc continues to act on tiie anode over a wide area. 

Specific portions of die lamp voltage waveform 101 are flius closely linked 
wifli flie imier state of die lamp 3. These portions can be separated from one anodier 
substantially by flieir time response: waveform immediately after commutation, reproduced 
in region 102 witii die summand Ur^ *(0.5 . . .). slope, reproduced in die region 1 03 witii 
die summand Uc„i, mean voltage, reproduced by Up,^. In order to utilize tiiese conditions 
relatively small voltage variations, which are superimposed on die square-wave voltage, are' 
to be measured and assigned to die lamp parameters. 

The formula widiin die computer circuit 83 can be changed by means of die 
variable parameters. During operation, tiie voltage values at tiie lamp are measured, filtered 
in die measuring filter 5, digitized in die A-D converter and compared widi digital values 
from die computer circuit 83 present at die output 86. By calculations, new parameters for die 
memory 85 can be determined from die error dius determined. The calculation is carried out 
section-wise for a half period each time. 

The switching transformer 2. hereinafter also caUed die lamp driver, sillies 
die lamp 3. For diat purpose, it generates a current waveform programmed in die control 
means 27. The driver 2 suppUes die commutation clock signal to die computer circuit 83. As 
parameters, die memory 85 contains actual characteristics of die connected lamp 3. In die 
first pass, diese are die typical values of a new lamp 3. or in odier words: initiaUy set 
parameters are parameters of a new lamp (3). The computer circuit 83 makes tiie model 
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voltage available at flxe oulput 86. TJm is the voltage wavefonn that a lamp 3 with the given 
parameters and current values ought to have. The actual lamp voltage is tapped oflFat the 
lamp 3. measured and compared in the comparator circuit 84 with the model voltage, that is 
the calculated waveform. The comparator circuit 84 sends a correction signal, which 
represents a variation between the model voltage and the measured value, to the memory 85 
By means of the correction signal, the parameters inside the memory 85 can be corrected 
The model voltage can thus be better matched to the actual lamp voltage in each pass. In 
steady-state operation, the parameters inside the memory 85 are exactly those of the 
connected lamp 3. 

Control values, which are likewise stored in the memory 85 and activate the 
controUer 82. can be derived fiom the parameters. The computer circuit 83, the comparator 
circuit 84. Ihe memory 85 and the controUer 82 are alternatively realizable also as nC or as 
signal processor or are integrable in the control unit 27 in order to optimize the lamp 
operation or to detect faults. 

In the low frequency range, the lamp 3 behaves in first approximation like a 
constant reverse voltage. That is. the voltage at the lamp 3 is independent of current to the 
greatest possible extent. Only the direction of the voltage changes with the current direction 
On being fed with a square-wave alternating current, exactly the same square-wave voltage is 
obtamable. Superimposed on this is a smaU voltage varying with time, which is essential for 
the model formation. The electrodes operate alternately per half period as cathode. 

Figure 5 iUustrates the typical course of the absolute value of the lamp voltage 
The voltage is described by means of the two time constants and tco„ and comprises the 
step behmd which the voltage adjusts to a low value. The overall effect has an ampUtude of a 
few percent of the total voltage. Occasionally, an oscillation of smaU an^Utude ensues. The 
parameters for the formula are then the two time constants r^ip and xcoiu shape and position of 
the step and an ampUtude of a possible resonance. The formula additionaUy contains the 
voltage value \J,,^^ for the components arc drop and anode drop, which is a measure of the 
electrode gap. The first relatively short time constant Tr^, provides information about the 
shape of the tip region of the electrode. The second time constant Xcou describes the electrode 
temperature or the emission. A resonance indicates magnitude and volume of a molten tip 
and hence at the same time also the temperature. 

In the inner control loop 81, a method is reaUzed with which the waveform of 
the lamp voltage is analyzed over a period of the lamp current. Different internal states of the 
lamp, such as electrode temperature, arc state, electrode gap and melting state of the 
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electrodes produce characteristic signatures in the periodic voltage waveform of the lamp. By 
comparing the measured lamp voltage waveform wilh these characteristic waveforms, which 
have been obtained in advance, inferences can be drawn about the internal states of the lamp 
3 during operation. 

From an analysis of the parameters, different requirements for the lamp 
current can be determined. 

An increasing electrode gap can be counteracted by adding a current pulse or 
increasing an aheady existing current pulse before a commutation. A reduction in or 
switching off the current pulse before the commutation halts a diminishing electrode gap. A 
current pulse after the commutation likewise halts a diminishmg electrode gap or increases an 
electrode gap. 

The parameters for a relative temperature, tip shape and melting state are 
closely interdependent, an identical temperature for both electrodes with molten, round tip is 
favorable. This adjustment and balance can beimdertaken by an alteration of &e respective 
IS pulse amplitudes. 

In other projectors, a constant Ught current without pulse trains is often 

demanded. 

A balanced temperature for both electrodes, so that an identical tip shape and 
an identical melting state is reached, is achievable by adjusting the ratio of the duration of 
20 positive and negative lamp current half-wave of the alternating current 

On the basis of a frequency increase, the intervals between two successive 
polarity changes become smaller. The jump function has approximated to the foUowing 
polarity change and the region 105 is kept smaU in an advantageous manner. An unfavorable 
time characteristic of tiie diameter of the cathode arc attachment is thus compensated by a 
frequency increase of the frequency. At relatively high frequency, fhe jump function no 
longer occurs. 

A relatively low electix>de temperature is achievable by means of a relatively 
low lamp power. For that purpose, flie temperatiire of flie two electrodes is derived from tiie 
parameter Uc«i. 

The method is used to hold the load on tiie electrodes constant in a narrow 
range. By tiiis means, the service life of tiie lamp can be extended, in particular ttie 
operational phase witii «>ptimum lumen ou^ut can be extended. An optimum lumen output is 
achieved when a short electric arc is produced at a constant arc interval. 
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firs^half-penod and a second voltage wavefonn 112 for voltage values calculated in a second 
half.periodforal20WPluHpsUHPlan,phavinganonnnal electrode ga^ 

nonnnalpressure Of 230 bar. In the first half-period, the first electrode acts^ 
the second half-period. Hie second electrode acts as cathode. 

Figure 7 shows a third voltage wavefonn 1 1 3 for voltage values measured in a 

firsthalf-periodandasecond voltage waveformlUfor voltage values measured inaseco^^ 
half-period for the same lan^ having a nominal electrode gap of 1 mm and a nominal 

pressure of 230 bar. The waveforms 113andll4are zigzag shaped because ofinterference 
ThewavefoimslUandinareeachattributedtotherespectiveelectrode 

^eratmginahalf.periodascathode.ForevataationoftMsform.themodelfimctionisuse^ 
the parameters of which are adjusted by the program in the computer circuit 83 so that it 
corresponds as exacUy as possible to the measured waveform. As parameters for the first 
electrode. Up^^ is specified with 88.54 V. U,,p is specified with 1.61 V. Uco„ with 6 13 V 
with 1 .0 * 10- s. with 0.33 V. x,^ with 4.97 * lO- s. witi. 0.03 and f^J 
v^lO.OOO.OOHz.Asparame^fbrthesecondelectrode.U...is^^^^^^ 

U^^thl.76V.Uc..wid.4.69V.x., with 1.0M0-s.U^wifl.0.26V.xx^ with 4.97*' 
10 S, Sxcans With 0.03 and ^esoiaace With 10.000.00 Hz. 

A vahie of 88.5 V for Up,.,^ is valid for an already somewhat older lamp 3 

aat has been operating foralonger period of time, the electrode gap of which has enlarged 

*,e to vaporization. The Iamp3is operated atafiequencyoflOO Hz, one half-period is 
therefore 5 ms long. A time characteristic over 4.97 ms is shown, because several front and 
1^ sampling values have been suppressed as protection against interference. Values greater 
than 1 V for U.^ indicate a still sUghtly rounded electrode tip. Increasing values for Uo.„ 

signifyacolder electrode, mflie case ofavoltagewaveformlllof the first electrode having 
a stronger increase than a voltage waveform 1 1 2 of ti.e second electrode, it is clear tiiat the 
first electrode is some^^t colder ti,an tixe second electrode. Smaller time constants for 

mdicate flatter electrode tips.U^isti.e correction value.Atimeofthec 

Affiise and the spot state of ti,e arc in the region 104 is denoted by t._ A measuring 

mterval for the regions 102 andI03 is reproduced. with496 measured values at intervals of 
10 vs, this corresponds to 4.97 ms. Tl.e steepness of the spot transition is denoted by A 
r^nantfiequencyW^^^ 

10,000 Hz the electiwie tip is completely soUdified. 
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In Older to compensate for uneven electrode temperatures, use is made of the 
effect detemuned by physics that the electrode is heated more strongly in the anode phase 
flm m the cathode phase. By adapting the ratio of the duration of die anode phase to the 
duration of the cathode phase, the heat ou^t can therefore be shifted between die two 
electrodes. For that purpose, in dxe control loop 81. the Uc. vahies of the two electrodes are 
oompaxed and the duty fector of ti.e supply current can be shifted until the two temperature 
values are the same. Since the conditions in ihe lamp change only slowly, a slow and 
integrating controUer is preferably used as controUer 82. With a first phase of the alternating 
current and tire first electrode as anode at a duty fector of 50 % as starting value or at a stored 
duty factor fix>m a preceding operation, a simplified sequence for a program sequence is as 
follows: firstiy compare Ucoa of the two electrodes 1 and 2. secondly, if Uc„,, is greater 
y Vc^, then increase the duty fector by 0.01 %, or secondly, if Uc„„.b. is smaller tiaan 
Ua^. then reduce die duty fector by 0.01 %. or if Ucoi,E. is flie same as Ucoi,^ dien 
mcrease or reduce die duty fiictor by 0.01«/o towards 50 %, then wait one second and repeat 
theprocess. TTus medrodpermits tire automatic compensation of temperature differences 
conditional upon manufecturing tolerances as weU as upon installation or mounting, and can 

therefore prolong tire service Ufe of die lamp. At die same time.averticaloperati^^ 
of die lamp can be taken into account 

Figure 8 shows a measured voltage waveform 121 and a calculated voltage 
waveform 122. Upw of dre measured voltage waveform is now set so tiiat die two 

waveforms 121 and 122 haveacommon intersection 123 at the time t.„.Il.en. at die time t„ 
a difference 1 24 between die measured voltage value 1 25 and die calculated voltage value ' 
126 IS measurable for adjustment of U^. At die time tn. a difference 127 between die 
measured voltage vahie 128 and die calculated voltage value 129 is measurable for 
adjustment ofUcon. and at time t„ a difference 130betweendiemeasured voltage value 131 
and die calculated voltage vahie 132 is measurable for adjustment of U.„. At times diat he 
close to or further away from die times t„. t.^ and t,, values diat are used for monitoring are 
measured. The measured voltage values 125. 128 andl3 1 are operational data of die lamp 
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1 Circuit 

2 Switching transformer 

3 Gas discharge lamp 

4 Voltage supply 

5 Measuring filter 

6 A-D converter 

7 Control unit 
8 

9 

10 

11 

12 

20 Commutation stage 

21 Ignition stage 

22 Switch 

23 Diode 

24 Converter inductor 

25 Capacitor 

26 Converter 

27 Control 

28 Measuring point 

Electrically conductive connection 

30 Electrically conductive connection 

^ * Electrically conductive connection 

^2 Electrically conductive connection 

33 First control loop 

34 Commutation control unit 

35 Switching transistor 

36 Switching transistor 
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37 


Switching transistor 


38 


Switching transistor 


39 


First inductor 


40 


Ignition transformer 


41 


Coil 


42 


Coil 


43 


Ignition control unit 


44 


Capacitor 


45 


Electrically conductive connection 


46 




50 


Voltage-divider/resistor 


51 


Voltage-divider/resistor 


52 


AnapliQBc 


53 


First sanq)le-and-hold-stage 


54 


Switch 


55 


Capacitor 


56 


Second sample-and-hold stage 


57 


Switch 


58 


Capacitor 


59 


Impedance converter 


60 


Impedance converter 


61 


Adder 


62 


Edge-triggered signal transmitter 


63 


Edge-triggered signal transmitter 


64 


Ou^ut 


65 


Amplifier 


66 


Resistor 


67 


Resistor 


68 


Resistor 


69 




80 


Second outer control loop 


81 


Third inner control loop 


82 


Controller 


83 


Computer circuit 
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20 



84 


Comparator 


85 


Metnoiy 


86 


Output 


87 


Electrically conductive connection 


90 


Clock signal 


91 


Switched-on state 


92 


Switched-o£F state 


93 


Rising edge 


94 


Falling edge 


95 


Current / Voltage signal 


96 


Minimum value 


97 


Maximum value 


98 


Voltage waveform 


101 


Voltage waveform 


102 


Region 


103 


Region 


104 


Region 


105 


Region 


106 


Voltage difference 


111 


Calculated voltage waveform l.Hp 


112 


Calculated voltage waveform 2.Hp 


113 


Measured voltage waveform l.Hp 


114 


Measured voltage waveform 2.Hp 


121 


Measured voltage value 


122 


Calculated voltage value 


123 


Intersection 


124 


Difference value 


125 


Operational datum/measured voltage value 


126 


Calculated voltage value 


127 


Difference value 


128 


Operational datum/measured voltage value 


129 


Calculated voltage value 


130 


Difference value 


131 


Operational datum/measured voltage value 
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132 Calculated voltage valiie 



